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ABSTRACT 
 
Thermodynamic properties calculator is an engineering tool built by MS Excel add-
in which is crucial used due to calculate thermodynamics properties of water, air and 
superheated vapor. The main purpose of this project is to develop an excel file that 
can simply obtain thermodynamic properties without manually reading from 
thermodynamic properties table. The project scopes werefluids that will be used as a 
reference were water, superheated vapor and air, thermodynamic properties such as 
enthalpy, entropy, specific heat, thermal conductivity, specific volume, relative 
pressure ratio, specific volume ratio and internal energy were the main properties that 
need to be referred. All the properties were based on thermodynamic properties table 
and result validation. Formulas that suitable to the formula of interface created using 
excel file were identified and studied.All unknown for the common formula that used 
to do interpolation manually were listed out and identified its function. Then, 
formula for each unknown created using excel formula and lastly all the formulas 
created for each unknown were combined according to the common formula used for 
manual interpolation. The new formula created using excel formulas was tested and 
evaluated. The value of properties from the interface created was compared to the 
value of properties from manual interpolation using calculator in order to check the 
validation of the data. In the nutshell, interface of a simplest way to read 
thermodynamics properties table using excel software was successfully created and 
was checked by data validation. In order to improve this project, the function of 
changing the units of thermodynamics properties to other standard, for example into 
American Standard, should be developed and the software should also be able to run 
on other operating systems such as MAC for Apple and LINUX for Linus Torvalds 
so that people using other operating systems will have the benefits of using the 
software. 
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ABSTRAK 
 
Termodinamik Kalkulator adalah salah satu alat kejuruteraan penting yang dibina 
oleh MS Excel add-in yang digunakan untuk mengira sifat termodinamik air, udara 
dan panas lampau wap. Tujuan utama projek ini adalah untuk menyediakan satu 
sistem menggunakan fail excel yang boleh mendapatkan sifat-sifat termodinamik 
dengan cara yang mudah tanpa membaca daripada jadual termodinamik secara 
manual. Skop projek ini adalah cecair yang akan digunakan sebagai rujukan adalah 
air, udara, wap panas lampau dan sifat-sifat termodinamik seperti entalpi, entropi, 
haba tentu, kekonduksian terma, isipadu tentu, nisbah tekanan relatif, nisbah isipadu 
tentu dan tenaga dalaman yang perlu dirujuk. Semua sifat termodinamik yang dirujuk 
adalah berdasarkan jadual termodinamik dan pengesahan data dikaji. Semua formula 
yang sesuai untuk formula sistem yang dicipta menggunakan fail excel dikenal pasti 
dan dikaji. Semua nilai yang tidak diketahui untuk formula yang biasa digunakan 
secara manual disenaraikan dan dinyatakan fungsinya. Formula untuk setiap nilai 
tidak diketahui dicipta menggunakan fail excel dan akhir sekali semua formula itu 
digabungkan dengan berpandukan formula umum yang digunakan untuk interpolasi 
manual. Formula baru yang dicipta menggunakan formula excel diuji dan dinilai. 
Nilai daripada sistem yang dicipta di bandingkan dengan nilai daripada interpolasi 
manual menggunakan kalkulator untuk memastikan pengesahan data.  
Kesimpulannya, sistem mudah untuk membaca jadual termodinamik dicipta dengan 
jayanya dan disemak dengan pengesahan data. Untuk memajukan lagi sistem ini, 
Fungsi menukar unit termodinamik sifat kepada standard yang lain, contohnya ke 
American Standard, perlu dibangunkan dan perisian ini juga boleh berfungsi di 
dalam sistem operasi lain seperti MAC untuk Apple dan LINUX untuk Linus 
Torvalds supaya orang yang menggunakan sistem operasi lain akan mempunyai 
manfaat menggunakan perisian ini. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
 
Reading thermodynamic properties from the properties table is very 
confusing especially when time is insufficient. Sometimes, an addition of time is 
needed when the value of parameter is not in the table, and it needs interpolation. By 
using the interpolation tecnique,the calculation are prone to human error. The aim of 
this project is to give the simplest way and exact values for users in solving their 
problems which involve thermodynamic properties table by using excel. Computer 
calculation of thermodynamic properties is an efficient replacement for text property 
tables, which are still use in thermodynamic instruction. Computerized property 
calculations are used routinely in engineering application. 
 
In this project, an excel file will be created where the thermodynamic 
properties can be easily obtained simply by filling in the value of temperature in a 
certain cells. The thermodynamic properties will appear automatically in the 
designated cells as a result. Less time will be needed toread the thermodynamic 
properties table and no interpolation is needed as it done by computer.This project 
described here as an interface thermodynamic calculation based on data and 
computational procedures. The program was design to provide easy-to-use 
thermodynamic properties tables within excel, which is widely available on personal 
and office computer.  
 
A simple transition from the interface to cell formulas provide a wide range 
application from simple calculations of a single state to detail of thermodynamic 
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properties table using cell formulas. Formulas in excel such as LOOKUP, MATCH, 
SEARCH, FIND, INDEX, DROPDOWNLIST and many other will be utillized to 
obtain the properties in the process. The thermodynamic properties is based on 
thermodynamic properties table. Samples of calculations will help in validating result 
from excel file with manual calculation. 
 
1.2 PROBLEM STATEMENT 
 
In this modern era, technology plays a vital role in decision making, 
communicating, and referring in a short time. Manual calculation can cause human 
error in side of calculation such as parallax error, key in the wrong value during 
calculation, and it also will takes long time to get the result.Furthermore, it will cause 
a difficulty to read the thermodynamics table and to do the interpolation manually 
when it comes to a rushing situation. Thus, this interpolation of thermodynamic 
properties table using excel file save a lot of time and hopefully the calculation will 
result error free. 
 
1.3 PROJECT OBJECTIVE  
 
The main objective of this project is to develop an excel file to simply obtain 
thermodynamic properties without manually reading from thermodynamic properties 
table. 
 
1.4 SCOPE OF THE PROJECT 
 
The scopes of this project are limited to: 
 
a) Fluids that will be used as a reference are water, superheated vapor and air. 
b) Thermodynamic properties such as enthalpy, entropy, specific heat, thermal 
conductivity, specific volume, relative pressure ratio, specific volume ratio and 
internal energy are the main properties that are to be referred. 
c) All the properties are based on thermodynamic properties table. 
d) Result validation. 
  
 
CHAPTER 2 
 
 
LITEATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
In this chapter it will discuss about the history of Microsoft Excel and also 
history of Thermodynamic Properties Table such aschronology of Excel and 
Thermodynamic Properties Table and the author of both of them. 
 
2.2 HISTORY OF EXCEL 
 
2.2.1 Spreadsheet 
 
A simple definition of spreadsheet is a document that stores data in a grid of 
vertical columns andhorizontal rows. Columns are typically labeled with letters (a, b, 
c, etc) while rows are labeled using numbers (1, 2, 3, etc.). Individual row/column 
locations, such as A1 or B2, are referred to as cells. Each cell can each store a unique 
instance of data. Information can be stored in a more structured way than using plain 
text by enteringthe data into a single spreadsheet. The row/column structure also 
allows the data to be analyzed using formulas and calculations.Spreadsheets are in 
widespread use throughout the world for engineering design.  
 
Spreadsheets are more streamlined than databases and are particularly useful 
for processing numbers. This is why spreadsheets are commonly used in scientific, 
financial and engineering applications.Although there has been some interest in the 
accuracy of business and financial spreadsheets, it seems to have escaped the 
disciplines that have traditionally been applied to engineering design and to computer 
4 
 
programming. (Panko, 1998) For a range of engineering calculations, there are now a 
number of specialized texts on spreadsheets written for engineers and specialized 
applications of spreadsheets are being developed and reported.(Morison,2000) 
 
Furthermore, spreadsheet application is one of the computer programs that 
allow users in creating and manipulating spreadsheets electronically. In the 
spreadsheet applications, each value sits in each cell. The type of data can be defined 
in each cell and how different cells depend on one another. Formulasmean the 
relationships between cells, and the names of the cells are called labels.Once the cells 
have been defined and the formulas for connecting them together created, the data 
can be entered. Then, the selected values can be modified to see how all the other 
values change accordingly. This enables you to study the various what-if scenarios. 
 
In addition, a spreadsheet can be used to store bank account data, including 
balance and interest information. A column that stored by the account balances of 
several clients can be easily summed to produce the total value of all the clients’ 
balances. These amounts can then be multiplied by the interest rate from another cell 
to see the value of the accounts will be in a year. Once the formula has been created, 
by modifying the value of interest only, the rate cell will also change the projected 
value of all the accounts. They are alson widely used by others to support decision 
making, including use by professionals and all levels of management up to, and 
including, very senior management.(Cragg,1993) 
 
There are many softwares that use spreadsheet such as MATLAB, 
MICROSOFT ACCESS, MICROSOFT EXCEL and others. All the softwares 
mention before have their own advantages and disadvantages.  
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SOFTWARE DEFINITION ADVANTAGES DISADVANTAGES 
Matlab MATLAB is an 
interative system 
whosw basic data 
element is an array 
that does not 
require 
dimensioning. 
It is an interpreted 
language for numerical 
computation which 
allows one to perform 
numerical calculations, 
and visualize the results 
without the need for 
complicated and time 
consuming 
programming. 
It is an interpreted 
language and therefore 
can execute more slowly 
than compiled 
languages. 
Microsoft 
Access 
Microsoft Access is 
a database software 
program that makes 
manipulating data 
manageable for 
users of many skill 
levels. 
 
Microsoft made it easy 
for just about anyone to 
learn how to work with 
databases by replacing 
some of the 
complicated work with 
easy-to-use templates.  
Access is more useful 
for individual 
departments or small 
and medium business 
sectors and also has 
difficulty dealing with 
databases larger than 
2GB in size. 
Microsoft 
Excel 
Microsoft Excel 
can best described 
as a full-featured 
spreadsheet for 
Windows from 
Microsoft which is 
a component of its 
Office product 
group for business 
applications. 
Microsoft Excel is easy 
to understand, create 
column names, enter 
your data, create 
formulas, and you're on 
your way. 
When you develop your 
application into one file 
it can be huge and will 
make your program 
execution very slow. 
 
Table 2.1: Spreadsheet softwares 
 
Source: CCNY Software Training Center. 
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2.2.2 Chronology of Excel 
 
Chronology of Excel begins with Visible Calculator followed by Lotus 1-2-3 
and lastly it comes to Microsoft Excel itself. 
 
2.2.3 Visible Calculator 
 
 
 
Figure 2.1: Visible Calculator 
 
Source: Creative Computing, VisiCalc '79 
 
In 1961, the development of computerized spreadsheets in business 
accounting applicationswas pioneered by Professor Richard Mattessich. Bricklinhad 
programmed the first working prototype of his concept ininteger basicin 1978with 
his brilliant idea. The purpose of this program was to help users input and manipulate 
a matrix of five columns and20 rows. Bricklin calls Frankstonthe "co-creator" of the 
electronic spreadsheet to improve and expand the program because the first version 
was not very powerful. After a while, Frankston had improved the program by 
created the production code withfaster speed, better arithmetic, and scrolling. (Dan 
Bricklin, 1984) 
 
Daniel Bricklin, a master student in business administration at Harvard 
Business School came up with the idea for an interactive visible calculatorin 1978. 
Bob Frankston joined him to help in writing the programme for his new electronic 
spreadsheet. The idea behind VisiCalc was developed by Dan Bricklin, and the 
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actual programming was performed by his friend, Bob Frankston. Bricklin and Bob 
Frankston then invented and created the software program VisiCalc together and at 
last both of them started their own company, Software Arts Inc., to develop their 
product. The name"VisiCalc" is a compressed form from "visible calculator" and it 
was the first "killer" application for personal computers at that time. (Dan Bricklin, 
1984) 
 
VisiCalc introduced a new level in application softwarecompared to the early 
microprocessor computers had been quickly supportedby BASIC and a few games. It 
was considered a fourth generation software program. Companies invested time and 
money in doing financial projections with manually calculated spreadsheets faced a 
problem such as recalculating every single cell in the sheet is needed if a single 
number in a cell is change. By using VisiCalc, you could change any cell, and the 
entire sheet would be automatically recalculated. (Dan Bricklin, 1984) 
 
2.2.4 Lotus 1-2-3 
 
 
 
Figure 2.2: Lotus 1-2-3 
 
Source: Lotus 1-2-3 version 1.0 
 
Lotus 1-2-3 was developed by Mitch Kapoor and it is a new 
industryspreadsheet standard. Lotus' first product was presentation software for 
the Apple II known as Lotus Executive Briefing System.The name of Lotus 1-2-3 
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referred to the three ways the product could be used, as a spreadsheet, graphics 
package, and database manager. This Lotus 1-2-3 software made it easier to use 
spreadsheets and it added integrated charting, plotting anddatabase capabilities. It 
was established spreadsheet software as a major datapresentation package as well as 
a complex calculation tool. It was also the firstspreadsheet vendor to introduce cell 
ranges, naming cells, and spreadsheet macros. (Henderson,1983) 
 
Lotus 1-2-3 will eventually be converted to other microcomputers that use the 
Intel 8086 or 8088 microprocessorand soon will be available for the IBM Personal 
Computer (PC). The initial version of 1-2-3 have 128K bytes of memory,an IBM PC 
with two disk drives, and either a monochrome or a color display. If the computer 
has both monochrome and color display, it can give the view of spreadsheet on the 
monochrome monitor and graphs on the color monitor at the same time. If there only 
the monochrome video display, it cannot give the view the graphs but can only print 
them out. It is different if there only the color video display, it provide two alternate 
ways between viewing the spreadsheet and the graph. (Henderson, 1983) 
 
2.2.5 Microsoft Excel 
 
 
 
Figure 2.3:Microsoft Excel 
 
Source: Microsoft Excel 97 developer's handbook 
 
9 
 
The next and latest the milestone was Microsoft Excel spreadsheet. In 1984-
1985, Excel was originally written for the 512K Apple Macintosh. Excel was one of 
the first spreadsheets that use a graphical interface with pull down menus and a click 
capability using a mouse pointing device. The Excel spreadsheet with a graphical 
user interface was easier for most people to use compared to the command line 
interface of PC-DOS spreadsheet products. Many people bought Apple Macintoshes 
so that they could try and use Excel spreadsheet program that created by Bill Gates. 
In the past few decades, Excel has grown rapidly and offers so many different 
features and applications for users. From their earliest, simple spreadsheets to the 
wonderful program nowadays, there have been many changes improvement in the 
overall format of the program. But being honestly and truthly, the essence of the 
software is still the same. In fact, Excel of today still uses the same program, called 
VisiCalc, which displays the cells of the sheet, organized into neat columns and rows 
just like in the very first version. This program almost the same like before that also 
allows users to input information into the cells, such as numbers, and reference them 
to other cells in the spreadsheet. (Power,2010) 
 
Microsoft Excel was actually the first spreadsheet program that allowed users 
to change up the overall look of the spreadsheet, such as the font, width, length and 
cell appearance. It was also the first program to give users an intelligent cell 
computation, which meant that users could total a number of cells together in one 
specific cell with a simple formula. This made the program different from the 
previous version and invaluable to users, especially in the financial 
industry.Microsoft Excel was developed and manufactured by Microsoft Corporation 
that allows the users in organizing, formatting, and calculating data with formulas 
using a spreadsheet system divided by columns and rows. It usually comes with the 
bundle of Microsoft Office and is compatible with other applications that offered in 
the suite of products like Power Point. In 1987, Microsoft documents show the 
launch of Excel 2.0 for MS-DOS version 3.0. When Microsoft was launched the 
Windows operating system in 1987, Excel was one of the first application products 
that released for it.  Overall, Microsoft has done transformation over the years to 
become one of the leading spreadsheet software programs in the world and have 
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millions of users rely on this in both their business and personal lives to keep 
organized. (Power, 2010) 
 
Version Released Comments 
1 1985 In 1984-1985, Excel was originally written for the 512K Apple 
Macintosh. 
2 1987 The first Windows version included a run-time version of 
Windows. 
3 1990 Improvement of new features like toolbars, drawing 
capabilities, outlining, add-in support, 3D charts, and many 
more. 
4 1992 Improvementwhich included lots of usability features. 
5 1993 A major upgradewhich included multi-sheet workbooks and it 
can support for Visual Basic For Application (VBA) program. 
7 1995 Feature-wise which is very similar to Excel Version 5 and it is 
the first major 32-bit version of Excel.  
8 1997 A major improvement with a new interface for VBA 
developers, UserForms, data validation, and many more. 
9 1999 It can use HTML as a native file format, "self-repair" 
capability, enhanced clipboard, pivot charts, modeless user 
forms. 
10 2001 It has a many new features in this version. The most significant 
feature is it has the ability to recover your work when Excel get 
crashes.   
11 2003 This version consist of many new features. The most 
significant feature is it improved support for XML. 
12  2007 A lot of improvements and upgrades have been done. It allows 
users enjoy fewer mouse clicks and better efficiency. 
14 2010 Builds on Excel 2007 and is due to arrive in the first half of 
2010. New features include sparkline graphics, pivot table 
slicers, an updated Solver, and a 64-bit version. 
 
Table 2.2: Versions of Microsoft Excel 
 
Source:  J-Walk & Associates, Inc. 
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Figure 2.4: Chronology of Excel 
 
Source:  J-Walk & Associates, Inc. 
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2.3 HISTORY OF THERMODYNAMIC PROPERTIES TABLE 
 
In the early part of this century, data were presented in the form of 
thermodynamic charts and tables. Since steam emerged as the working fluid in 
mechanical and electric power generation, the data taking, collecting, graphing and 
formulating of properties of water and steam has been an ongoing effort. 
Traditionally, the needs of the power engineers for property values of water and 
steam were called as Skeleton Tables. Thesewere tables of pressure, enthalpy and 
volume for the saturated vapor and liquid and ofspecific enthalpy and specific 
volume on a coarse grid of temperature-pressure points in theone-phase regions, 
sufficiently closely spaced that only linear interpolations are adequate (Sato, 1991) 
 
An agreement was reached on the first International Skeleton Steam Tables in 
1934. A substantial effort to expand and improve the experimental data base for 
steam was already under way, most notably by Osborne and coworkers at NBS, the 
National Bureau of Standards, presently NIST, the National Institute of Standards 
and Technology, in the U.S.A.A collection of data and tables for thermodynamic 
properties of water and steam was part of a comprehensive study by Dorsey in 1940. 
The acquisition, evaluation and correlation of steam properties gained new impetus 
in several countries after the Second World War. The International Skeleton Tables 
of the Thermodynamic Properties of Water Substance, 1963, were adopted at the 
Sixth International Conference on the Properties of Steam (ICPS) in New York, 
1963. (Sato, 1991) 
 
International Association for the Properties of Steam (IAPS) was established 
as a standing organization for the international cooperation on the properties of steam 
shortly after the 1968 Conference. The task of collecting and updating the 
experimental data on thermodynamic properties of ordinary water and steam is the 
beginning of IAPS. The purpose of this task was because there were many new high-
quality experimental data had been obtained in much wider ranges of temperature 
and pressure since 1963. There have been many efforts done to extend and improve 
the formulation in order to obtain more precise formulations in more limited regions 
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and to produce the more accurate Skeleton Tables that are currently accepted by 
IAPWS since 1984. (Sato, 1991) 
 
International Association for the Properties of Water and Steam (IAPWS) 
adopted a new formulation called ‘‘The IAPWS Formulation 1995 for the 
Thermodynamic Properties of Ordinary Water Substance for General and Scientific 
Use’’ in 1995 (IAPWS-95 formulation or IAPWS-95) for short. This work provides 
information on the selected experimental data of the thermodynamic properties of 
water used to develop the new formulation, but information is also given on newer 
data.(Wagner, 2002)Thisformulation is the current international standard for 
thermodynamicproperties of water, and is implemented in NIST Standard Reference 
Database 10. These properties are tabulated along the vapor-liquid saturation curve 
as a function of temperature and pressure. (Harvey, 1995) 
 
The formulation provided in this release is recommended for industrial use, 
and is called “IAPWS Industrial Formulation 1997 for the Thermodynamic 
Properties of Water and Steam”,(IAPWS-IF97). The IAPWS-IF97 replaces the 
previous industrial formulation "The 1967 IFC-Formulation for Industrial Use" (IFC-
67). (Dr. R. Fernandez-Prini,1997)It is a set of equations that designed to give 
accuracy on the thermodynamic properties of liquid and gas with short computing 
times. The equations have been fitted to properties calculated from IAPWS-95 and it 
covers a smaller range of states than IAPWS-95 and this smaller range is divided into 
sub-regions in order to achieve fast computing times.For particular region, some of 
these regions have backward equations with different independent variables from the 
basic equation. (Watanabe, 2004) 
 
 
 
 
 
 
 
